Pseudomonas stutzeri is a widely distributed, nonfluorescent, denitrifying microorganism that belongs to the authentic genus Pseudomonas in the gamma subclass of the Proteobacteria (24) . P. stutzeri is also one of the most controversial bacterial species. Several studies performed during the last few decades have demonstrated that P. stutzeri comprises a heterogeneous set of strains that could be placed in more than one species (1 1, 16, IS) . Separation of P. stutzeri strains into several species has been attempted, although the extreme phenotypic diversity of the presumptive species did not permit workers to establish definitive differentiating phenotypic criteria, even after exhaustive biochemical analyses (11, 16, 18, 20, 25) . Previously, P. stutzeri has been reported to include at least seven genomic groups without taxonomic status, which have been called genomovars (18) . The results of high-resolution methods, such as chemotaxonomic total fatty acid analysis, total protein pattern analysis, and macrorestriction fragment analysis of genomic DNA, have been consistent with the genomovar subdivisions observed (17, 20) .
It has been established that rRNA and their genes, particularly the small-subunit rRNA (16s rRNA), are molecules that can be used to estimate bacterial phylogenetic relationships. In order to clarify the taxonomic positions and the phylogenetic relationships of the P. stutzeri genomovars, we determined nearly complete sequences of the 16s rRNA genes of 14 strains representing all genomovars of P. stutzeri. For genomovars represented by more than one strain, two or three strains were analyzed. Our results supported the genomovar structure of P. stutzeri, confirmed that strain ZoBell is a member of genomovar 2 (19), and showed that genomovar 6 is sufficiently different from the other P. stutzeri strains that it should be considered a member of a separate species. We propose the name Pseudomonas balearica sp. nov. for the strains of genomovar 6.
MATERIALS AND METHODS
Strains and culture conditions. The 14 reference strains used in this study have been characterized physiologically and genomically previously ( 18-20). These strains were originally obtained from culture collections or were isolated as indicated in Table 1 . All of the strains were grown in Luria-Bertani broth (22) at 30°C with shaking and were examined to determine their maximum growth temperature (41, 44, or 46°C) and tolerance to NaCl (6, 7, 8, or 9% Isolation of genomic DNA. Cells were harvested at approximately the late exponential phase of growth by centrifugation, washed, and resuspended in 560 pl of TE buffer (10 mM Tris-HCI, 1 mM EDTA [pH 8.01). Cells were lysed adding 0.1 mg of proteinase K (Sigma) and 30 (*I of 10% sodium dodecyl sulfate and incubating the resulting preparation for 1 h at 37°C. DNA was extracted by using the CTAB (hexadecyltrimethylammonium bromide) miniprep protocol for preparation of bacterial genomic DNA (27) .
PCR amplification of rRNA genes. The 16s ribosomal DNA was amplified by the PCR by using standard protocols (21) and a Hans Landgraf model 5.92 thermocycler as described previously (8). The forward primer, primer 16F27 (5'-AGAGT"GATCMTGGCCAG-3'), annealed at positions 8 to 27, and the reverse primer, primer 16R1488 (j'-CGGTTACCTGTTAGGACTTCACC-3'), annealed at the complement of positions 1511 to 1488 (Eschen'chia coh numbering [3] ).
Sequencing of PCR-amplified DNA. Amplified PCR products were extracted with chloroform-isoamyl alcohol (24:1) and purified with a Microcon-100 microconcentrator (Amicon). Each sample was resuspended in sterile water to a volume of 100 pl, and 5 pl of this preparation was used to check the quality of the PCR-amplified DNA; this was accomplished by performing electrophoresis on a 1% agarose gel with TAE and then staining the gel with ethidium bromide. The sequence of the PCR-amplified 16s ribosomal DNA was determined directly with model 373A automated DNA sequencer (Applied Biosystems, Inc.) by using the protocols recommended by the manufacturer for Ta9 DNA polymeraseinitiated cycle sequencing reactions with fluorescently labeled dideoxynucleotide terminators. The primers used for 16s rRNA gene sequence determinations have been described previously (9) .
Sequence data analysis. The sequences which we obtained were aligned with reference 16s rRNA sequences by using conserved primary sequence and secondary-structure characteristics as references (6, 28). Evolutionary distances were calculated from sequence pair comparisons as corrected (7) estimates of the average number of fixed-point substitutions per sequence position in homologous sequences since the sequences diverged. Phylogenetic trees were constructed by using subsets of data that included representative sequences of Pseudomonas spp. strains (10, 13); to do this, we used distance matrix and bootstrapped distance matrix methods as implemented in the programs of the PHYLIP (4) and ARB (26a) program packages, respectively.
Nucleotide sequence accession numbers. The nucleotide sequences which we determined have been deposited in the GenBank nucleic acid sequence database under the accession numbers shown in Table 1 
RESULTS AND DISCUSSION
PCR amplification of the 16s rRNA genes between positions 27 and 1488 allowed us to determine the sequence of 1,456 nucleotide bases (approximately 95% of the complete gene).
The evolutionary distances derived from comparisons of the 16s ribosomal DNA sequences of P. stutzeii strains and other members of the genus Pseudornonas are shown in Table 2 . These data confirmed that all of the strains which we studied belonged to the genus Pseudornonas sensu strict0 of Palleroni's RNA group I (15) and the gamma subclass of the Proteobacteria (24).
The results of our sequence comparisons also supported the genomovar organization of the species P. stutzeri. The evolutionary distances between strains belonging to the same genomovar were always less than 0.46, whereas no evolutionary distance between any P. stutzeri strain and another Pseudornonas species was less than 2.23 (the evolutionary distance between genomovar 3 strains and Pseudornonas putida strains). The largest evolutionary distance observed between P. stutzeri strains was 4.44 (the evolutionary distance between genomovar 6 strain LS401 and genomovar 3 strain AN10). Figure 1 is a phylogenetic tree which shows the inferred phylogenetic relationships of P. stutzeii strains, as well as other RNA group I Pseudornonas species. 
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Secondary structure of helix 6-V1 in E. coli 16s rRNA (14) and the proposed helixes for P. stttfzrrr CCUG 112S6T and genomovar 6. Helix 6-V1 is considered proven by comparative analysis (sequences or oligonucleotides catalog). The E. coli numbering is the numbering in reference 3. tances, 0.38 to 0.61) did not correlate with the relatively high AT,?, values (4.8 to 7.5"C). The correlations between AT,,, and evolutionary distance data which we observed are shown in Fig.  3 . Our results showed that except for genomovar 4 and 5 strains evolutionary distances were highly correlated with AT,,, values. Thus, P. stutzeri genomovar 4 and 5 strains can be added to the exceptional taxa in which 16s sequence similarity data and DNA-DNA pairing results are not correlated (1, 5, 12) ; this provides further evidence that systematic relationships below the genus level can be determined definitively only by using a polyphasic approach.
At this time, we still do not believe that P. stutzeri should be divided along the lines of the different genomovars, because of the extreme heterogeneity exhibited by the strains belonging to the individual genomovars (18, 20) . Although genomovar is not a recognized taxonomic rank (26b), the P. stutzeri genomovars may represent the evolutionary state prior to species differentiation, which recently has been proposed to be correlated with levels of 16s rRNA gene sequence similarity higher than 97% Genomovar 6 represents a new Pseudurnonas species. Strains LS401 and SP1402T (T = type strain) were isolated from Mediterranean marine sediment and from a wastewater treatment plant in Mallorca, Spain, respectively. Both of these strains were initially identified as members of P. stutzeri because they had the main phenotypic characteristics that define P. stutzeri (15). Strains LS401 and SP1402T were placed together in the same genomovar (genomovar 6) because of their low AT,,, value, and this group has been correlated with phenotypic and chemotaxonomic markers ( 18, 20) . Genotypically, genomovar 6 was only distantly related to all of the other P. stutzeri genomovars, with DNA-DNA hybridization values (AT,,, values) ranging from 7.8 to 11.7"C ( Table 2 ). Comparisons of the 16s rRNA gene sequences of strains LS401 and SP1402T have demonstrated that neither of these strains is not affiliated with P. stutzeri sensu strict0 and that they represent a separate lineage within the genus Pseudomonas. However, their closest relatives (minimum evolutionary distance, 3.49) are P. stutzeri strains.
Given the DNA-DNA hybridization and 16s rRNA gene sequence data, the significance of phenotypic characteristics that differentiate the genomovar 6 strains from the P. stutzeri branch and other Pseudomonas species may be appreciated. The genomovar 6 strains exhibit the same characteristic fatty -, negative; +/-, variable within the group; +, positive traces. acid profile, which is different from the fatty acid profiles of all other Pseudornonas species (26) , which contain significant amounts of cyclopropane fatty acids (17:Oc and 19:Oc). In addition, genomovar 6 strains can be differentiated from P. stutzeri strains by their ability to grow at 46"C, their ability to grow in the presence of 8.5% NaCl, and their ability to utilize xylose as a sole carbon source (Table 5) . Therefore, we propose that both genomovar 6 strains should be placed in a new species, Pseudomonas balearica. The differentiating phenotypic characteristics mentioned above are based on the only two genomovar 6 strains that have been isolated. The characteristics of this limited number of strains may not accurately reflect the internal variation of the species. However, recognition of the new species, isolation of new strains, and exhaustive phenotypic characterization should eventually result in a more accurate description of the phenotype of P. balearica.
Description of Pseudornonas balearica sp. nov. Pseudomonas balearica (ba.1e.a'ri.ca.L. fem. adj. balearica, of the Balearic Islands, where the organism was isolated). Gram-negative, short, straight, rod-shaped cells that are 0.3 to 0.5 pm wide and 1.5 to 3.0 pm long. Motile by means of a single polar flagellum. Strictly oxidative. Vigorous denitrifier that liberates copious amounts of nitrogen gas from nitrate. Nonpigmented. Has some of the same phenotypic and morphological characteristics as P. stutzeri, including the following: amylase and maltose positive, arginine dihydrolase and gelatinase negative, and a characteristic wrinkly dry colony morphology when isolates are fresh. Can be differentiated from P. stutzeri by its ability to grow at 46°C and its ability to grow in the presence of 8.5% NaCl, as well as its ability to use xylose as a sole carbon and energy source and its inability to use mannitol, ethylene glycol, 4-aminobutyrate, and suberate. The two strains that have been isolated were isolated as 2-methylnaphthalene degraders at 40°C from wastewater or marine sediment samples.
The G + C content ranges from 64.1 to 64.4 mol%, as determined by high-performance liquid chromatography (18). The type strain is strain SP1402 (= DSM 6083).
